Abstract. The role of ginsenoside in the prevention of cancer has been well established. Ginsenoside Rg5 is one of the main components isolated from red ginseng, which has been demonstrated to have anti-tumor effects by inhibiting cell proliferation and causing DNA damage. However, the role of ginsenoside Rg5 and its molecular mechanisms remain unclear in human esophageal cancer. In the present study, Rg5 was investigated as a novel drug for the chemotherapy of esophageal cancer in in vitro experiments. Esophageal cancer Eca109 cells were exposed to various concentrations of ginsenoside Rg5 (0-32 µΜ) for 24 h. Subsequent cell proliferation assays demonstrated that treatment with ginsenoside Rg5 resulted in the dose-dependent inhibition of proliferation, while a significant increase in apoptotic rate and increased activities of caspase-3, -8 and -9 were observed. In addition, the mitochondrial membrane potential was decreased and the cytoplasmic free calcium level increased following treatment with ginsenoside Rg5. Furthermore, the expression of B-cell lymphoma 2 and phosphorylated-protein kinase B (p-Akt) decreased. The specific phosphoinositide-3 kinase (PI3K) inhibitor LY294002 promoted this effect, while insulin-like growth factor-1, a specific PI3K activator, inhibited this action. Taken together, the results suggested that ginsenoside Rg5 may have a tumor-suppressive effect on esophageal cancer by promoting apoptosis and may be associated with the downregulation of the PI3K/Akt signaling pathway.
Introduction
Ginseng, the root of Araliaceae plants, is a Chinese herbal medicine that can be divided into different categories, including wild ginseng, red ginseng and Korean ginseng among others. Panax ginseng C.A. Meyer, a native herbal remedy commonly used in China and Korea (1, 2) , has been recognized as a life prolonging herb in Asia for thousands of years (3) (4) (5) . Ginsenoside Rg5 (Fig. 1) belongs to a family of protopanaxadiol ginsenosides (1, 6) and has been demonstrated to exhibit marked anticancer activity (7, 8) , antidermatitic activity (9) , neuroprotective effects (10) and microglial activation (11) .
Esophageal cancer is one of the most common malignancies worldwide, with a high mortality rate of >400,000 cases per year (12) . At present, the main treatments include surgery, radiotherapy, chemotherapy and targeted therapy. Squamous cell carcinoma accounts for >90% of the esophageal pathological classifications worldwide, closely followed by adenocarcinoma. Surgical resection remains the primary treatment; however, the 5-year overall survival rate is only ~30%, and the squamous cell carcinoma survival rate is 20-50%. Surgical treatment is mainly limited by local recurrence and metastasis, as well as the reduction of the patients' immune function postoperatively (13) . The majority of patients are diagnosed at a relatively late stage due to the lack of evident clinical symptoms during the early stages. It has been reported that 40-60% of patients are unable to undergo surgery as a result of suffering from late stage disease or due to the high risks associated with surgery (14) . Local radiotherapy is one of the best treatment options for patients with local advancement. Since the development of RTOG85-01, radiotherapy combined with chemotherapy has been accepted as the optimal treatment option for non-surgical esophageal cancer patients (15) . However, the search for novel drugs for the treatment of esophageal cancer remains of great significance.
Apoptosis, also known as programmed cell death, is important for controlling cell numbers and proliferation, and is essential for the elimination of cancer cells. Apoptotic cells usually avoid chromatin condensation, forming apoptotic bodies (16) . There are two major apoptotic pathways, including extrinsic or death receptor pathways, and intrinsic or mitochondrial pathways (17) . These two pathways are associated with the activation of caspases, which are responsible for inducing apoptosis through nuclear DNA cleavage and regulatory cell proteins. The mitochondrial pathway is mainly regulated by members of the B-cell lymphoma 2 (Bcl-2) family, which includes proapoptotic proteins, such as Bcl-2-associated X protein (Bax), and antiapoptotic proteins, such as Bcl-2 and Bcl-extra large protein (18) . The phosphoinositide-3 kinase (PI3K)/protein kinase B (Akt) signaling pathway has a positive role in regulating cell growth, proliferation, differentiation and cell cycle progression, and in reversing drug resistance. Activated Akt in turn activates downstream signaling pathways via phosphorylation in order to participate in the regulation of cellular physiological and biochemical changes that protect the surviving cells from undergoing apoptosis. In addition, the inactivation of Akt may contribute to the apoptosis of esophageal cancer cells.
The application of ginsenoside Rg5 in the treatment of esophageal cancer is considered to have potentially promising anti-tumor effects. Therefore, the aim of the present study was to investigate the anti-tumor effect of ginsenoside Rg5 on esophageal cancer cells and examine the possible molecular mechanisms in order to provide an objective basis for its function.
Materials and methods
Chemicals and reagents. Ginsenoside Rg5 (purity, >99%), dissolved in 75% ethanol at a density of 10 mM and stored at -20˚C, was obtained from Professor Yinghua Jin (College of Life Science, Jilin University, Changchun, China). The Cell Counting Kit-8 (CCK-8) assay kit and Fluo-3/acetoxymethyl (AM) were purchased from Dojindo Molecular Technologies, Inc. (Kumamoto, Japan). The Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis assay kit and bicinchoninic acid (BCA) protein assay kit were obtained from GenStar Biosolutions Co., Ltd. (Beijing, China). Rhodamine 123 and LY294002 were purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). Insulin-like growth factor (IGF)-1 was obtained from R&D Systems Europe, Ltd. (Abingdon, UK). Rabbit polyclonal antibodies specific for cleaved caspase-3 (9661T; 1:800), Bax (5023T; 1:1,000), Bcl-2 (2872S; 1:1,000), Akt (4691S; 1:1,000), phosphorylated (p)-Akt (9611S; 1:1,000), cleaved poly(adenosine diphosphate-ribose) polymerase (PARP) (5625S; 1:1,000) were obtained from Cell Signaling Technology, Inc. (Danvers, MA, USA). Rabbit polyclonal antibodies specific for cleaved caspase-8 (YT5688; 1:1,000) and caspase-9 (YC0013; 1:1,000) were obtained from ImmunoWay Biotechnology Company (Plano, TX, USA). Antibodies specific for β-actin (E-AB-20058; 1:1,000) and horseradish peroxidase-conjugated goat anti-rabbit secondary antibodies (E-AB-1003; 1:5,000) were purchased from Elabscience Biotechnology Co., Ltd. (Wuhan, China).
Cell lines and cell culture. The human esophageal cancer cell line Eca-109 was provided by Dr Xingyi Zhang (Second Hospital of Jilin University, Changchun, China). Cells were incubated in RPMI-1640 medium with 10% fetal bovine serum, 100 U/ml penicillin and 100 µg/ml streptomycin under 5% CO 2 in humidified air at 37˚C.
Cell viability assay. The effect of ginsenoside Rg5 on the viability of cells was measured using the CCK-8 assay. Briefly, Eca-109 cells were plated at a density of 2,000 cells/well with 200 µl complete culture medium in 96-well plates, and treated with 2, 4, 8, 16 and 32 µM of ginsenoside Rg5 for 24 h. A total of 10 µl CCK-8 solution was then added to the aforementioned cell cultures according to the manufacturer's protocol. Subsequently, the plates were incubated for 2 h at 37˚C, and the optical density was read at a wavelength of 450 nm on a microplate reader (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The half maximal inhibitory concentration (IC 50 ) value was calculated using a fitted function according to the concentration of each group and the corresponding inhibition rate. This calculation was conducted automatically using IBM SPSS software (version 22.0; IBM Corp., Armonk, NY, USA).
Analysis of apoptosis using flow cytometry. Cell apoptosis was measured with a flow cytometer using the Annexin V-FITC/PI apoptosis assay kits following the manufacturer's protocol. Following exposure to the determined concentrations of ginsenoside Rg5 for 24 h, cells were collected, washed with cold PBS, and resuspended with binding buffer containing 10 mM HEPES, 2.5 mM CaCl 2 and 140 mM NaCl. Next, cells were incubated with Annexin V in the dark at room temperature for 10 min and then resuspended in binding buffer. PI was added to the samples at 37˚C immediately prior to analysis with a FACScan flow cytometer (Beckman Coulter, Inc., Brea, CA, USA).
Detection of mitochondrial membrane potential. Mitochondrial membrane potential was detected using rhodamine 123. Initially, Eca-109 cells were briefly treated with Rg5 at a concentration of 5, 10 and 20 µM for 24 h. Next, the cell suspension was routinely prepared, rinsed twice with PBS buffer, cultured with rhodamine 123 (5 µg/ml) at 37˚C for 30 min and washed with PBS. The cells were collected again by centrifugation (800 x g at 37˚C for 5 min) and resuspended with 300 µl PBS. The fluorescence intensity of cells incubated with rhodamine 123 was finally determined by flow cytometric analysis.
Analysis of calcium levels. Calcium levels were measured using the calcium indicator Fluo-3/AM and laser scanning confocal microscopic imaging. Briefly, treated Eca-109 cells were incubated with Fluo-3/AM for ~30 min in the dark at 37˚C, and then washed with D-Hanks medium. The fluorescence intensity was detected by confocal microscopy at 488 nm, measuring the intensity of ~5-10 cells in each microscopic field separately. Finally, the fluorescence intensity was digitized, and all data were analyzed using the affiliated software of the confocal microscope system.
Western blot analysis. Treated cells were washed with cold PBS and extracted with lysis buffer, containing 50 mmol/l Tris (pH 8.0), 150 mmol/l NaCl, 5% glycerol, 5 mmol/l EDTA, 1% Triton X-100, 25 mmol/l NaF, 2 mmol/l Na 2 VO 4 , 10 µg/ml aprotinin, 10 µg/ml pepstatin and 10 µg/ml leupeptin. The equal amounts of cell lysates were frozen, thawed three times and then centrifuged at 15,000 x g for 10 min at 4˚C in order to remove the insoluble pellet material. Protein determination was performed using the BCA protein assay kit. SDS-PAGE was performed on 12 or 15% gels according to the protein molecular weight and a 5% stacking gel. The proteins on the gels were then transferred to prepared polyvinylidene difluoride membranes. Subsequently, the membranes were blocked for ~2 h at 37˚C in Tris-buffered saline containing 0.5% Tween-20 (TBST) and 5% fat-free dried milk, and then incubated with the corresponding antibodies overnight at 4˚C. The membranes were washed three times with TBST and incubated with secondary antibodies at room temperature for 1 h. The Hypersensitive Fluorescence and Chemiluminescence Imaging System (Clinx Science Instruments Co., Ltd., Shanghai, China) was used to visualize the signals. Band density was measured using Cell Quest Research software (version 3.3; BD Biosciences, Franklin Lakes, NJ, USA) and normalized to β-actin.
Inhibitor and activator of PI3K treatments. Eca-109 cells were co-treated with Rg5 (10 µM) and the PI3K-specific inhibitor LY294002 (20 µM) or the PI3K-specific activator IGF-1 (100 ng/ml) for 24 h. Cell apoptosis was then analyzed using a flow cytometer and the Annexin V-FITC/PI apoptosis assay kit. Protein levels were assessed via western blotting, as described earlier.
Statistical analysis. Data were analyzed by one-way analysis of variance, followed by Student-Newman-Keuls test, and each value was expressed as the mean ± standard deviation. Statistical analysis was performed on IBM SPSS software (version 22.0). P<0.05 was considered to indicate a statistically significant difference. (Fig. 2) .
Results

Ginsenoside Rg5 inhibits the proliferation of Eca
Ginsenoside Rg5 induces apoptosis in Eca-109 cells.
In order to determine whether the anti-proliferative effects of Rg5 were associated with the induction of apoptosis, Eca-109 cells were treated with 0-20 µM ginsenoside Rg5 for 24 h, and the Annexin V-FITC/PI apoptosis assay kit was used to determine the rates of Rg5-induced apoptosis. As shown in Fig. 3A , treatment with ginsenoside Rg5 at 5, 10 and 20 µM induced a significant increase in apoptosis compared with the control group.
Ginsenoside Rg5 induces the cleavage of caspase-3, -8 and -9, and the phosphorylation of Akt in Eca-109 cells. The activation of specific caspases, including caspase-8 and -9, and the downstream effector caspase-3 were analyzed by western blotting. The results revealed that the levels of cleaved caspase-3, -8 and -9 increased following treatment with ginsenoside Rg5 in a dose-dependent manner (Fig. 3B) . In addition, the proteolytic cleavage of PARP was increased. The levels of the pro-apoptotic protein Bax and the anti-apoptotic protein Bcl-2 were also measured. The results indicated that the ratio of Bcl-2/Bax expression decreased following ginsenoside Rg5 treatment. The PI3K/Akt signaling pathway is considered to be an important upstream apoptotic pathway; thus, this was also examined in the present study. Western blot analysis revealed that Eca-109 cells treated with ginsenoside Rg5 (5, 10 and 20 µM) presented significantly inhibited expression of p-Akt (Fig. 3B) . It was speculated that the promotion of apoptosis by Rg5 may be associated with the downregulation of the PI3K/Akt pathway. probe that can pass through a living cell membrane. Rhodamine 123 has a positive charge due to electrical adsorption and can be used to specifically label the mitochondria (19) . In the present study, the results revealed that treatment with ginsenoside Rg5 at 5, 10 and 20 µM significantly reduced the mitochondrial transmembrane potential in Eca-109 cells (81.69±1.414, 70.12±1.957 and 48.63±1.224%, respectively) when compared with the control group (89.85±1.829%; P<0.05; Fig. 4 ).
Ginsenoside Rg5 increases cytoplasmic calcium levels in
Eca-109 cells. As a major intracellular messenger, calcium is involved in regulating the physiological activities of numerous types of cells and tissues. The fluorescent probe Fluo-3/AM enters the cell and generates fluorescence at the excitation wavelength of 488 nm, and its intensity is proportional to the concentration of intracellular free calcium ions (20) . The results of the current study revealed that, following 24-h treatment with Rg5, the cytoplasmic calcium levels of Eca-109 cells were significantly increased in a dose-dependent manner, compared with the control group levels, as observed by the enhanced fluorescence intensity (Fig. 5) .
Inhibition of the PI3K/Akt signaling pathway induces the anti-apoptotic effects of Rg5, while activation of the pathway inhibits this effect.
The present study then examined whether the PI3K/Akt signaling pathway is important in the anti-apoptotic effect of Rg5. Eca-109 cells were treated with the PI3K inhibitor LY294002 or with the PI3K activator IGF-1. Co-treatment with ginsenoside Rg5 and LY294002 induced apoptosis when compared with the group treated with Rg5 alone (Fig. 6A) , while it also markedly increased the levels of cleaved caspase-9 and cleaved PARP (Fig. 6B) . In addition, LY294002 significantly lowered the expression levels of p-Akt and Bcl-2. Furthermore, co-treatment with IGF-1 markedly inhibited the anti-apoptotic effect of Rg5 (Fig. 6A) . The cleavage of caspase-9 and PARP caused by Rg5 was weakened by IGF-1; however, the decline in p-Akt and Bcl-2 protein expression was reversed (Fig. 6B) . These results indicated that ginsenoside Rg5 induced Eca-109 cell apoptosis via the PI3K/Akt signaling pathway.
Discussion
Recently, a number of traditional Chinese medicine agents have been utilized for combination and adjuvant tumor treatment in order to reduce the side effects of therapy. With the development of molecular biology and in-depth research, the anti-tumor mechanism of ginseng is now better understood. In total, 46 potential target genes of (20S) G-Rh2 have been identified by performing phage display screening with the T7 select human liver tumor cDNA phage library (21) . This indicates that ginsenosides may be multi-targeting drugs, triggering various anti-tumor pathways.
Several previous studies have confirmed that ginsenosides exert an anti-tumor effect through apoptotic signaling pathways. For instance, it has been reported that ginsenoside Rg3 induces apoptosis in human glioblastoma cells through the mitogen-activated protein kinase kinase signaling pathway (22) . In addition, apoptosis is induced in cervical cancer cells via the mitochondrial pathway by the compound JRS-15 (23) . The anti-tumor effect of Rg5 in cervical cancer (24) , breast cancer (25) and hepatoma (9) cells has also been explored previously; however, to the best of our knowledge, no previous studies have investigated esophageal cancer cells. In addition to research into its anti-tumor effects, the protective effect of ginsenoside Rg5 has received increasing attention in recent years. Previous studies have demonstrated that ginsenoside Rg5 significantly improved cisplatin-associated chemotherapy-induced nephrotoxicity (26) . Its roles in improving immunity and protecting the heart have also been confirmed (27, 28) . Combined with the current research in progress, it is clear that ginsenoside Rg5 serves a wide range of protective anti-tumor effects and has great potential for clinical application as an anti-tumor drug. The aim of the present study was to elucidate the apoptotic effect of Rg5 on esophageal cancer cells and its possible mechanism. In the present study, it was identified that Rg5 inhibited the proliferation of esophageal cancer cells and promoted apoptosis. Significant increases in the activity of caspase-3, -8, -9 and PARP were observed.
It has been reported that the decrease in the mitochondrial transmembrane potential is associated with intrinsic apoptotic pathways that increase the permeability due to the release of cytochrome c in the cytoplasm (29) . The mitochondrial permeability transition pore (MPTP) is located in the mitochondrial inner and outer membrane, and is composed of a variety of protein non-selective complexes (30) . Its periodic opening serves an important role in maintaining homeostasis and electrochemical balance in the mitochondria. When the mitochondrial transmembrane potential decreases, apoptosis is eventually induced in cells following opening of the MPTP. This indicates that the decrease in transmembrane potential may be associated with the opening of the MPTP (31) . Prolonged opening of the MPTP leads to the reduction of the H + concentration gradient inside and outside of the mitochondrial membrane, while the transmembrane potential gradually decreases (32) . The respiratory chain is uncoupled and the synthesis of adenosine triphosphate (ATP) is interrupted, further promoting the release of cytochrome c, apoptosis-inducing factor and protein kinases, such as Akt, into the cytoplasm (33) . In the present study, ginsenoside Rg5 treatment induced a significant decrease in the mitochondrial transmembrane potential of Eca-109 cells, thereby promoting apoptosis via intrinsic pathways, as measured by flow cytometry. Ca 2+ serves a major role in triggering mitosis in various types of cells, as well as in regulating cell death (34) . Low cytoplasmic Ca 2+ concentration is critical for maintaining normal cellular function, whereas an overload of cellular Ca 2+ is highly toxic, leading to extensive activation of proteases and phospholipases (35) . Mitochondria and ATPase pumps Figure 6 . LY294002 enhances the anti-apoptotic effects of Rg5 and IGF-1 inhibits these effects. (A) Annexin V-FITC/PI apoptosis assay kit was used to determine the apoptotic rate of the untreated, Rg5-treated (10 µM), LY294002-treated (20 µM) and IGF-1-treated (100 ng/ml) groups following treatment for 24 h. (B) Cleaved caspase-9, cleaved PARP, Bcl-2, Bax, Akt and p-Akt protein expression levels were analyzed by western blot analysis. The quantified results are presented in terms of the ratio of cleaved caspase-9 to β-actin, Bcl-2 to Bax, and p-Akt to Akt. Data are presented as the mean ± standard deviation. (36) . The present study detected changes in Ca 2+ levels using Fluo-3/AM, which can enter into the cell and generate fluorescence at the excitation wavelength of 488 nm, following binding with intracellular free calcium ions. The results of the present study revealed that Rg5 increased the intracellular Ca 2+ levels and caused cell apoptosis.
The PI3K/Akt signaling pathway is associated with numerous cellular functions, including cell viability, proliferation and apoptosis, while it is also involved in cell survival pathways (37, 38) . Inhibition of this pathway can decrease the phosphorylation of Akt (39) . The PI3K/Akt signaling pathway is normally activated in human cancer. Previous studies have reported that the inhibition of PI3K/Akt signaling pathway activity can effectively inhibit the proliferation and invasion of breast cancer cells (40) . Furthermore, inhibition of PI3K/Akt signaling in lung cancer induces apoptosis and arrests the cell cycle (41) . The present study further revealed that Rg5 treatment resulted in a concentration-dependent decrease in the level of p-Akt in Eca109 cells. This may indicate that the pro-apoptotic effect of Rg5 is associated with the inhibition of the PI3K/Akt pathway. To further determine whether the PI3K/Akt signaling pathway is important in the apoptosis of esophageal cancer cells, Eca-109 cells were co-treated with Rg5 and the PI3K inhibitor LY294002, and the expression levels of apoptosis markers were detected. Compared with Rg5 alone, co-treatment with LY294002 significantly inhibited the level of p-Akt, and in addition, significantly decreased the expression of Bcl2; however, it also induced the expression of cleaved caspase-9. The PI3K promoter IGF-1 was also used to treat cells to determine whether it was able to reverse Rg5-induced apoptosis. The results revealed that IGF-1 treatment reversed the decrease in p-Akt induced by Rg5, while it significantly reversed the decrease in Bcl-2 expression and increase in cleaved caspase-9 expression when compared with Rg5 treatment alone.
In conclusion, the present study revealed that ginsenoside Rg5 inhibited the proliferation and induced the apoptosis of human esophageal cancer cells. In addition, its role in promoting tumor apoptosis was associated with the downregulation of the PI3K/Akt signaling pathway. However, the present study had certain limitations. The specific signaling pathways involved in ginsenoside Rg5-induced apoptosis in esophageal cancer cells require further verification. Furthermore, in vivo experiments are required to understand the anti-tumor effects of Rg5 and to conduct pharmacokinetic studies.
